The electrochemical stability of antimony in a water stable room temperature ionic liquid composed of 1:5 mole ratio of hydrated ammonium aluminum sulfate -urea ionic liquid at 30 °C was investigated at 0.3 M antimony (III) chloride solution. The electroplating of antimony at -0.8 V showed black coating on copper substrate. The stability of this cation in this ionic liquid was studied by cyclovoltammogram. The electrodeposition was followed up by Scanning Electron Microscopy (SEM), Atomic Force Microscopy (AFM), Energy Dispersive X-ray analysis (EDAX) and X-ray diffraction (XRD).The nanoparticles size of the metal were in the range of less than 500nm.
Introduction
Room temperature ionic liquids [1] [2] [3] [4] have attracted intensive interest in recent years as a replacement for classical molecular solvents in fundamental research and applications, included electrodeposition, batteries, catalysis, separations and organic synthesis. The advantages of these ionic liquids include good thermal stability, low vapor pressure, high conductivity, wide electrochemical window and good solvents for both organic and inorganic compounds. The first group of ionic liquid systems that attracts attention is the chloroaluminates that are formed from dialkylimidazolium halides and aluminum halides. Although the chloroaluminate ionic liquids have found many applications in electrodeposition [5] , a major disadvantage of the chloroaluminate systems is that they are extremely reactive towards moisture and air so they must be handled under an inert atmosphere. Since 1992 [6] , various air-and moisture-stable ionic liquids have become available. The appearance of these waterstable ionic liquids has greatly accelerated research and applications using ionic liquids.
The recently prepared AlCl 3 -Acetamide [7] [9] .
These are interested ionic liquids because this type showed the characterization of ionic liquids and also containing water molecules which was reported to exists in the liquid coordinated to the ionic species of ionic liquid and not in the free state [10] . This is an interesting characterization as added water to anhydrous ionic liquid of NiCl 2 :urea showed to influence the nature of deposited nickel [11] .
Antimony which is a semimetallic element and a poor conductor of heat and electricity, was considered for many components because of its high corrosion resistance and nonoxidizing properties. While more critical metals are used such as hardware, infrared detectors and diodes, domestic ware, automotive trim and radio and radar equipment and to cover brass and lead alloys which require a high degree of corrosion protection [12] . Studies on the electrochemistry of antimony in ionic liquids are mainly reported by Osteryoung and coworkers [13] . Their results showed that Sb(III) can be reduced to Sb in ionic liquids made from aluminum chloride and N-butylpyridinium chloride (AlCl 3 -BPC). In view of the advantages of the room temperature ionic liquids over the chloroaluminates and the fact that there have been few studies on electrodeposition of antimony in room temperature ionic liquids, we report here the electrochemistry of antimony(III) and its electrodeposition in the recently reported ionic liquid prepared by Abood [8] in (1:5) mole ratio of the hydrated ammonium alum /urea. As stated this ionic liquid posses the characterization of ionic liquid having water molecules within its structure without the need to add extra water. The morphology of deposited antimony was elucidated with the aid of Scanning Electron Microscopy (SEM), Atomic Force Microscopy (AFM), Energy Dispersive X-ray Analysis (EDAX) and X-Ray Diffraction (XRD).
Experimental Work
Anhydrous and Urea (NH 2 CONH 2 )(99.5% were obtained from THOMAS BAKER). Ammonium alum and urea in mole ratio of (1:5) were milled separately, mixed and heated gradually to 85°C with stirring until melted together producing colorless liquid [10] . The resulted melt was gradually cooled to room temperature and remained liquid and stored in sealed container. A proper amount (0.684g) to make 0.3M SbCl 3 solution in ionic liquid was weighted out and added to the ionic liquid, stirred for 60 minutes at 85°C when a saturated white solution was obtained. Copper metal sheet of 60mm*10mm*1mm was used as cathode and immersed in the ionic liquid to 20mm depth. The anode was a stainless steel plate of 50mm*10mm*1mm dimentions. Both electrodes pretreated by rubbing with sand paper followed by washing with deionized water, then immersed into 0.5% HCl, rinsed with deionized water and plunged in 0.5% NaOH, finally both electrodes were rinsed with deionized water and acetone sequentially. A three-electrode system comprising a platinum electrode (2mm) as the working electrode (WE), a platinum plate (1cm*1cm*0.5cm) as the counter electrode (CE) and a silver wire as the quasi reference electrode (RE) were used in the cyclic voltammogram. The platinum working electrode surface was freshly cleaned with water, polished with alumina before each scan and rinsed with distilled water at each polishing step. The instrument for cyclic voltammogram (CV) was recorded using Digilvy-Dy2300 Bipotentiostat. A constant voltage of -0.8 V was applied using a power supply (Thurlby 15V-4A, England power supply) to control the current and the potential of electrodeposition process which was connected to the electrode of copper as cathode and stainless steel as anode in ionic liquid. The electroplated specimen at the end of each experiment was removed from the ionic liquid and immediately dipped in deionized water with stirring to remove ionic liquid and then rinsed with acetone and finally dried and stored for further analysis. The surface morphology of coated specimens by antimony on copper substrate was investigated with a high-resolution field emission scanning electron microscopy(SEM) (INSPECT S50), the surface topography of samples were analyzed by atomic force microscopy (AFM) (AA2000, Angstrom Advanced Inc.) contact mode. The X Flash 6110 Bruker EADX was used in conjunction with SEM. This was used for determination of the surface and composition of samples surface and the OLYMPUS BX 51-P POLARIZING MICROSCOPE was used for visual observation. The crystalline and phase identification of samples were determined using X-ray Diffractometer (PAN analytical Philips, X Pert PRO MPD PW 3040).
Results and Discussion
The cyclovoltammogram of saturated solution of (0.3 M) SbCl 3 in ionic liquid with scan rate of 50mV is shown in Fig.(1) . When the potential was scanned negatively from the rest potential, a rise in current was recorded with increasing the negative potential started at -0.5 V (c 1 ) the potential showed another increase at -0.8 V (c 2 ). The first cathodic potential (c 1 ) is similar to that of ionic liquid cathodic reduction Fig.(1) . The current of the second cathodic reduction (c 2 ) increased with increasing the negative scanning potential, yet it did not show a distinguished metal reduction wave probably overlapping with the reduction of the positive ionic liquid species. However, when the scan was reversed to the positive potential, no curve was recorded for an oxidation. This might indicate an irreversible process of the reduction of Sb 3+ /Sb that occurred on the working electrode. Fig.(1) 
Fig.(1): Cyclovoltammogram of saturated solution (0.3M) SbCl 3 in(1:5) ammonium alum: urea room temperature ionic liquid (-------) and ionic liquid alone(------) at 50 mV scan rate using Ag wire(RE), Pt disc (WE) and Pt plate (CE) at 30°C.
The potentiostatic electroreduction of antimony from the saturated solution of 0.3M SbCl 3 in ammonium alum:urea room temperature ionic liquid at 30°C was conducted at -0.8V as estimated from the cyclovoltammogram. The experiments were carried out to show the effect of deposition time on the electroreduction of Sb 3+ to Sb 0 . Therefore, the surface morphology of antimony electrodeposits was examined by SEM and the resulting micrographs are illustrated in Fig.(2) . The SEM of the deposit surface showed the morphology of the deposited antimony as a plate shaped particle with some particles having nodules shape at one and two hours, while at three hours the particles were of sand-like shape. The particles size was found to range from 154nm to 462nm, from 227nm to 455nm and from 217nm to 435nm at one, two and three hours samples respectively, as shown in Table (1) . This indicated no effect of the deposition time on the morphology of deposited antimony giving almost similar range of nanoparticle size. The visual appearance of coated antimony was black as shown in Fig.(2)(b),(d) and (f), which might be related to the particle shapes, which disperse light allowing very small light reflection. The EDAX spectrum of antimony nanoparticles deposited on copper substrate appeared as M α and L α at (0.4 and 3.6) Kev as compared with standard values from energy table for EDAX analysis and as reported by H.Chauhan and coworkers [14] , shown in Figure (3) .The EDAX analysis confirmed the presence of small amounts of antimony with 3.47 At.%, 3.95At.% and 4.47At.% at one, two and three hours samples respectively. AFM images of the electrodeposited antimony are shown in Fig.(4) . The roughness value (Ra) was (19.0nm) at one hour, decreased to (15.9nm) at two hours, while at three hours the roughness value increased to (26.9nm). Although the roughness are varied, these values indicated very smooth surfaces comparable to superfinishing metal process and within the range of Fly cut or Ground aluminum [15] which have Ra values of around 100nm and very much better than milled aluminum which has Ra value around 1000nm. The average height of those deposited antimony have values of (154.53nm) at one hour decreased to (120.18nm) at two hours then increased to (159.33nm) at three hours. These values indicated that the electrocoated antimony on copper substrate varies with time as agreed to the result obtained from SEM. Due to the small amount of deposited antimony metal on the surface of copper substrate as stated in Table ( 
Conclusions
In this study, we have found that the reduction of antimony from its saturated solution metal chloride in ammonium alum: urea room temperature ionic liquid was possible. The surface morphology of deposited antimony on copper substrate in ammonium alum/urea room temperature ionic liquid was not affected by deposition time at -0.8 V and 30°C. The deposited antimony particles on copper substrate were in nanoparticle scale with a size ranges from 154nm to 462nm.
